Abstract Coastal areas of Bangladesh have been facing increasing salinity of surface water and groundwater. This study provides the approximate scope of the problem in a coastal area of southeastern Bangladesh by using less-accurate, but lower-cost salinity measuring devices that enable local people to assess the situation. Ten local women were employed to monitor 10 tube wells each on a weekly basis, from mid-February to mid-May, during the 2016 dry season. Geographical Information System and time series clustering were used to visualize the spatial distribution and seasonal change of the salinity levels. In addition, the tube well users were asked about the salt consumption in their daily diet. One-third of the monitored tube wells were found to contain more sodium than the tolerable level in terms of taste suggested by the World Health Organization. However, the mean salinity level across all monitored tube wells was much lower. The salinity level varied depending on the depth of the tube wells rather than their locations or altitudes, and those deeper than 200 m were likely to be salt free. The results of the diet survey showed that wealthier households tended to use more salt in their daily diets, but at the same time they tended to have deeper tube wells that are less likely to contain high levels of sodium.
Introduction
The Intergovernmental Panel on Climate Change (IPCC 2013) reported in 2013 that the mean rate of global average sea level rise was 1.77 mm/year between 1901 and 2010, and 3.2 mm/year between 1993 and 2010. Glacier mass loss and ocean thermal expansion from warming are significant factors that could explain about 75% of the observed global mean sea level rise (IPCC 2013) . Coastal zones are particularly susceptible to the effects of sea level rise, such as loss and degradation of coastal land areas, higher tides during storm surges, and longer duration of inundation after floods. Increasing salinity of surface water and groundwater is an accompanying consequence.
Bangladesh, one of the poorest countries in the world, is highly vulnerable to the effects of sea level rise because it is a low-lying country located in the Ganges-Brahmaputra Delta. The World Bank (2017) pointed out that the coastal communities in southern Bangladesh are on the ''front line'' of climate change. About half of the land area of Bangladesh lies less than 10 m above sea level (Tauhid et al. 2017 ). Mohal and Hossain (2007) assumed a sea level rise of 62 cm in 2080 and Jenkins (2006) estimated at the most 30 cm by 2030. Salinity has been invading water bodies in Bangladesh due to saltwater intrusion from the Bay of Bengal and has been estimated to extend 100 km inland from the bay (Allison et al. 2003) . Increasing sea level rise will inevitably exacerbate the situation.
Most of the people living in the coastal zones of Bangladesh are poor and not served by piped water-they get water from ponds or tube wells, both of which are susceptible to saltwater intrusion. This salinization may result in latent impacts on local people's health conditions. As safe salinity levels in drinking water have not been suggested , except that sodium levels greater than 0.2 g/L are unacceptable in terms of taste (WHO 2008) , the problem needs attention and the development of emergency countermeasures. In the past decade, studies on the impact of saline drinking water on health in Bangladesh were bolstered (Khan et al. 2008 (Khan et al. , 2014 Vineis et al. 2011; Rasheed et al. 2014 Rasheed et al. , 2016 Talukder et al. 2017) . Khan et al. (2011) studied the influence of saline water on pregnant women living in the coastal zones of Bangladesh. They were alarmed to report that drinking water containing sodium intakes ranging from 5 to 16 g/day may cause hypertension and preeclampsia. Rasheed et al. (2014) analyzed the relationship between sodium in urine and household profiles and demonstrated that compared to people living in a hilly zone, those living in a coastal zone had statistically 3.3 times higher level of salt consumption and those living in plains had a 1.7 times higher level salt consumption.
Though these studies focused on the relationship between level of salinity in drinking water and health conditions such as blood pressure and sodium level in urine, salt intake by diet must also be considered when the influence of increasing salinity in drinking water is investigated. Powles et al. (2013) estimated mean salt intake from dietary sources in Bangladesh as 9.00 g/day and de Brito-Ashurst et al. (2009) estimated that the traditional Bangladeshi diet provides approximately 10 g of salt per day, without breakfast or snacks. Rasheed et al. (2014) reported that the mean salt consumption of the studied population in a costal area was 6.7 g/day. The level of salt intake by diet in Bangladesh is not that high compared to the mean salt intake of 10.06 g/day worldwide-central Asian countries had the highest salt intake at 14.01 g/day (Powles et al. 2013) . Considering the fact that the World Health Organization (WHO) suggested the recommended dietary salt intake is 5 g/day (WHO 2013), the level of salt intake in Bangladesh is not small and it is better to avoid additional salt intake by drinking water. Excessive salt intake is known to be associated with high blood pressure (Elliott 1988; Aburto et al. 2013; He et al. 2013) , and hypertension is a major risk factor for stroke and cardiovascular diseases (WHO 2002) .
This study investigated the total amount of salt intake of households by drinking water and diet in a coastal area of southeastern Bangladesh to understand the present situation. Acquiring sound data of salinity levels of tube wells is cumbersome. Water tables change seasonally and water salinity could be influenced by precipitation before the time of measurement. Technical drawbacks that tube wells might have, such as holes and leakage, also may influence the level of salinity to be measured. Therefore, ideally each tube well should be monitored when the influence of its salinity level on individual health is investigated. Otherwise, the environmental data (the level of salinity) would not fully describe the true situation and people's actual exposure profiles. However, it takes time and money to obtain long-term and frequent time series monitoring data for each tube well in a study area. Remote sensing analysis is one way to capture the regional and temporal variation of environmental conditions, but salinity in underground water, particularly fetched from a tube well, is hard to measure by remote sensing images. Therefore, in this study local women were asked to monitor tube wells every week for three months during the 2016 dry season by using lessaccurate, but lower-cost measuring devices that can be distributed to a large number of local monitors at low cost. Such participatory monitoring mobilizes local people to assess the conditions themselves. By doing so, they become more aware of the problem and, as a result, come to pay attention to it. In addition to assessing the influence of increasing salinity levels in drinking water, this study emphasizes the importance of participatory monitoring that involves local people in tackling an ever-changing environmental problem.
Geographical Information System (GIS) and time series clustering were used to visualize the spatial distribution and seasonal change of the collected salinity data from the tube wells. Section 2 describes the materials and methodologies used, including information about the study site, the salinity monitoring method, and the diet survey. Section 3 outlines the research results of the spatial and temporal variations in the salinity levels of the tube wells during the study period, and the statistical analysis of the relationships between the salinity levels of the tube wells, households' salt intakes in their daily diets, and other variables. A brief discussion of the results follows in Sect. 4.
Materials and Methods
This section describes basic information of the study site, procedure of data collection regarding salinity level monitoring and household diet survey, and time series clustering for processing and visualizing the obtained salinity data.
Study Site
Chakaria Upazila 1 in Cox's Bazar District 2 in southeastern Bangladesh was selected as the study area. The Chakaria Health and Demographic Surveillance System (CHDSS) that was established here in 1999 by the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR, B) covers eight unions. 3 In six of these unionsBaraitali, Kayerbil, Bheola Manik Char, Paschim Boro Bheola, Shaharbil, and Kakara-the CHDSS implements interventions such as health education, and the remaining two-Harbang and Purba Boro Bheola-are set up as comparison areas (Hanifi et al. 2012) . Rasheed et al. (2014) conducted their study at three unions that were classified as a coastal zone, a plain, and a hilly zone to analyze the relationship between sodium in urine and personal profiles of the examinees that were registered in the CHDSS. Taking advantage of referring to the existing literature and the CHDSS information, the same region was selected as the survey area for this study. Figure 1 shows the locations of the monitored tube wells (pink dots). The contours were created with images from the ASTER Global Digital Elevation Model (GDEM). 4 The tube wells monitored in Chakaria Upazila are distributed from west to east at a range of altitudes between 4 and 22 m above the sea level.
Chakaria Upazila covers an area of 503.8 km
2
, with a total of 88,391 households, and a total population of 474,465 (BBS 2011) . The average size of households is 5.3. Most socioeconomic indices in Chakaria are similar to the national figures of Bangladesh (Hanifi et al. 2012) . For example, the literacy rate in the region for the population over 7 years-old is 47.6% and that in the country is 51.8%; the employment rate in the region is 36.1% and that in the country is 39.2%; school attendance of the age group 5-29 years above the pre-primary level in the region is 53.2% and that in the country is 52.7% (BBS 2011 (BBS , 2014 . However, the region is a relatively low-performing area in terms of health and development indicators compared to areas in the central and western parts of the country (NIPORT 2011; Khatun et al. 2014) . The under-five mortality rate in the CHDSS, for example, was 56/1000 livebirths in 2012 , and that in the country was 37.3 in 2011 37.3 in (BBS 2011 ; the access to electricity in the region was 37.3% in 2011 (BBS 2014) and access in the country was 55.3% in 2010 (World Bank 2011 .
According to the summary made with the CHDSS data of 2010 for the eight selected unions by Hanifi et al. (2012) , the CHDSS covered 118,315 residents living in 19,847 households; the average household size was 6.1, larger than the average in Chakaria Upazila (5.3); the literacy rate of the 15-24 year old population was 63.97%. The literacy rate for the population over 7 years in the CHDSS data of 2010 was not available in the literature but for reference, the one in the eight selected unions in 2000 was 32.8%, and the national figure in 2001 was 45.3% (Bhuiya et al. 2006) . Hanifi et al. (2010) differentiated the eight unions into lowlying land (the west side) located in delta lands of the Matamuhuri River in the tidal zone of Southern Bengal and non-low-lying land located at the east side of the bifurcation point of the Matamuhuri River. Figure 1 shows the Matamuhuri River and the bifurcation point of the river that is located almost in the middle of Chakaria Upazila. About half of the CHDSS area belongs to the low-lying area, and people living there have poorer conditions compared to the non-low-lying area in terms of employment, access to health facilities, educational institutions and markets, exposure to flash floods, and presence of development organizations like nongovernmental organizations (NGOs) (Hanifi et al. 2010) . Table 1 shows some of the differences in socioeconomic status between the low-lying area and non-low-lying area, and the figures show that the low-lying area was significantly poorer than the non-lowlying area. Overall, the study site is a rural area that contains poor regions, as the electricity connection rate shows.
In terms of the local habit of salt intake, Rasheed et al. (2016) interviewed rural people in the region and reported that most of the participants thought salt was beneficial for their health because of the public health promotion of iodized salt to reduce the rates of goiter and iodine deficiency (Yusuf et al. 2008 ) and the use of oral rehydration solution (ORS)-of which salt is an essential componentto save lives when people become dehydrated. Therefore, people living in the region could be more likely to consume food containing high levels of salt every day.
Data Collection
In this study, tube wells were monitored by local women employed for this purpose. They were also asked to collect information from the households they were responsible for while they monitored the tube wells. Ten women were selected with the assistance of a local partner. Each woman was either a housewife or a student who could spare time on the same day every week for three months. Women were selected because in the culture of Bangladesh they are the ones generally responsible for getting water for the household. They are also responsible for their families' health, and these two things together mean that they were considered to be more motivated than men.
The women's residential locations were also considered in the selection process to ensure data were obtained from west to east to cover a range of geographical conditions, such as altitude, distance to rivers, and water table. The local partner provided training so that all the selected monitors understood the purpose of the study, how to select tube wells, how to measure salinity, when to measure salinity, and how to report results. After the training, each monitor identified the 10 tube wells she would be responsible for measuring. The local partner was present when the women chose the tube wells. The women were asked to avoid tube wells located next to their houses and to select ones located at the next cluster of houses (bari in Bengali). Among the total of 100 sample tube wells, only 1 was public and the others were private. Number tags labeled from 1 to 10 were given to each of the women and were attached to the corresponding tube wells with a wire. Longitude and latitude were recorded with a GPS camera, COOLPIX P330, by the local partner and the altitude was extracted from ASTER GDEM using the linear interpolation method in ArcView 10.4. The depths of the tube wells were recorded based on statements made by the tube well owners. The rainfall data recorded at Bandarban Sadar meteorological station located in Bandarban Sadar Upazila, Bandarban District for the study period was retrieved from the Bangladesh Meteorological Department website. The data were collected for 14 weeks from 12 February to 13 May 2016, from the middle to the end of the dry season. The monitors decided that they would measure all 10 of their assigned wells every Friday. Salinity was measured with PAL-sio meters, used for salt measurement in cooking. They are handy, low cost, and fairly accurate, with an absolute measurement error ±0.05% for a salt content of 0.00-0.99%, and a relative measurement error ±5% for a salt content of 1.00-10.0%. The measurement equipment was not scientifically sophisticated, but it was low cost and convenient to use, so the devices could be distributed broadly and they enabled the women to monitor the tube wells easily with the required frequency. The range and frequency of the monitoring was designed to help us understand the spatial and seasonal variations in salinity in the study area and to mitigate a deficiency in accuracy. This monitoring was conducted as a continuation of Sakamoto's (2015) research that used more accurate equipment. The monitors were asked to report the salinity level of the water in each tube well, using the corresponding tube well tag number, to the local partner every week by phone. To complement the tube well profiles, the monitors visited each household that owned the monitored tube wells and asked about the number of family members, the monthly household income, and the amount of salt added while eating three meals (breakfast, lunch, and dinner) as well as added while cooking. The households were asked how much they consumed salt during a onetime survey period of three consecutive days, from Wednesday to Friday, to include both weekdays (Wednesday and Thursday) and a weekend day (Friday). Salt for cooking was measured in teaspoons, and for consistency in measurement the monitors carried the same teaspoon for reference. Salt added while eating was measured in pinches. All the households used unrefined salt (Khola labon) for both cooking salt and table salt. The weight of one teaspoon salt measured with an electronic scale was equivalent to 6-8 g. To convert the salt amounts into grams, 7 g was counted as one teaspoon of salt and 0.6 g was counted as one pinch of salt. For depicting data plots and performing statistical analyses of salt intake of households, tube well profiles (salinity and geographical conditions), and economic variables of households, the SAS university edition software (SAS Studio 3.6 with the fourth maintenance release for SAS 9.4) was used.
Data Analysis: Time Series Clustering
The collected time series data of salinity in tube wells were clustered according to the similarity of their patterns. First, the similarity of each time series data was measured, and second, tube wells were clustered according to their measured similarity by using hierarchical clustering, an ordinal clustering technique. In the first step, Dynamic Time Warping (DTW) (Giorgino 2009 ) was used to calculate the distances between each time series data of tube well samples. DTW is a method that calculates an optimal match between two time series, which gives the shortest summed distance among all the pairs of the data points in each time series data. Therefore, if the two time series have totally different patterns from each other, then the summed distance can be large, that is their dissimilarity is large. Thus, the shortest summed distances between all the combinations of time series data (in this study, 100 time series data from 100 tube well samples) were calculated and the distance matrix (100 9 100) was created. DTW is widely used, for example, for classification and clustering tasks in econometrics, chemometrics, and general time series mining (Giorgino 2015) . The R TSclust package (Giorgino 2009 ) was used for this purpose. In the second step, based on the distance matrix, tube wells were clustered by ''dissimilarity''. R function hclust was used for hierarchical clustering with the nearest neighbor method. There were three missing values in the (100 tube wells) 9 14 weeks matrix with 1400 cells, and those were interpolated to insert the value from the previous measurement time into the missing cell before time series clustering was applied. The na.locf function in the R zoo package was used for this purpose. All the calculations were processed with R software version 3.3.2.
Results
In this section, at first the patterns of salinity levels are clustered by time series clustering method. Second, the geographical distributions of the extracted clusters as well as other tube well profiles (altitudes and depths) are visualized by GIS. Last, individual consumption of salt by diet is estimated and the correlated variables with the mean salt consumption are analyzed.
Time Series of Salinity Levels
Time series clustering was applied to the collected salinity data of tube wells. The result of hierarchical clustering based on the defined distances between time series data is shown as the dendrogram of 58 sample tube wells in Fig. 2 . The remaining tube wells did not contain sodium. The number of clusters was determined at the level with six clusters based on explicit division by height of the dendrogram (Fig. 2) . Figure 3 shows the time series of the salinity levels for each cluster, which consists of 58 samples, and the number of tube wells in each cluster is given beside the cluster number in brackets. The amounts of rainfall in the region three days and seven days before measurement are also shown under the salinity level graph. Note that the device for measuring salinity shows the percentage of salt in terms of weight of salt in grams in 100 g of water. The resulting measurements were very small values, so the percentage was multiplied by 10 to convert it into an approximate measure of the amount of salt in grams in 1 L of water. For example, if the device showed 0.1%, indicating 0.1 g of salt per 100 g of water, then this value was converted to: 0.1 9 10 = 1 g/L. Figure 3 shows that the pattern of salinity levels of tube wells in clusters 1, 2, and 6 demonstrate a decreasing trend, clusters 3 and 5 were more or less stable, with a slightly decreasing trend, and cluster 4 had an increasing salinity trend. When compared to the rainfall pattern, there does not seem to have been a relationship between rainfall and salinity level, except for clusters 2 and 5 that might have shown a decreasing tendency after the rainfall in the week before the measurement on 1 April 2016.
Among the 58 tube wells with measurable salinity, 30 were found to contain more than the level tolerated for taste (0.2 g/L of sodium), which is equivalent to 0.508 g/L of salt content (=0.2 9 2.54). Of these 30 tube wells, 23 were used for drinking water by the households who owned the tube wells. The remaining 7 households did not use their tube wells for drinking water and used water from other tube wells because they found the water from their tube wells too salty to drink. Based on these figures, the majority of people in the study area were able to drink water with more than the threshold amount of 0.508 g/L of salt that was suggested by the World Health Organization. Figure 4 shows the spatial distribution of the clusters identified above. The clusters appear to have spatial cohesion. Salinity-free tube wells (cluster 0, 42 wells), are distributed from one side of the Chakaria study area to the other. Figure 5 shows the spatial distribution of tube well profiles. It shows that the depths of tube wells tend to be similar in a given neighborhood. Figure 6 shows depthaverage salinity relationship. It indicates that the depth of tube wells can be clearly classified into the two categories-shallow tube wells with the depth smaller than 100 m and deep tube wells with the depth larger than 200 m. Most of the deep tube wells were almost salt free while many of the shallow tube wells contained sodium. Table 2 shows correlations between mean salinity, maximum salinity, and depth and altitude of the tube wells. Based on the result, salinity levels are related to depth of tube wells but not to altitude. Figures 7 and 8 show the box plots of altitude and depth of the tube wells within clusters, respectively. The circles mean outliers. The altitude is not significantly different between clusters, whereas depth of tube wells is significantly different between clusters. The outliers in cluster 0 represent that only some shallow tube wells supply salinity-free water. The tube wells of cluster 0-tube wells with no measured salinity-tend to be deeper. Thus, because the depths of the tube wells are similar in a neighborhood, even if the altitude of the tube wells correlated with salinity levels, this would likely be explained by pseudo correlation via the confounding variable, tube well depth. Though Rasheed et al. (2014) used the categorical variable of respondents' living locationhilly, plain, or coastal-as an explanatory variable in their logistic regression on sodium level in urine, the geographical information and tube well profiles may need to be treated with some reservation.
Geographical Distribution of Salinity Level

Salt in Diet
The approximate levels of salinity in drinking water from tube wells and their temporal and spatial patterns were shown in the previous sections. To grasp how much salt content in drinking water would be part of a household's total daily salt consumption, each household that owned the monitored tube wells was asked about salt consumption in their daily diet. One tube well among the 100 samples was public, so it was excluded in the following analysis. Table 3 shows the mean amount of salt in the diet per person per day in the three consecutive days of the survey. The average number of family members of the sample families was 5.75, which is almost the same as the average in Chakaria Upazila. The standard deviation was 1.98. The average monthly income was USD 250 (1 USD = 80.79 BDT), ranging from USD 25 to USD 990, and the standard deviation was USD 214. The total amount of salt used in cooking was divided by the number of family members. Table salt used (added while eating) was not divided by the number of family members; Table 3 shows the maximum amount reported by an individual in each household. According to the total numbers shown, the mean daily salt intake per person is less than presumed. Some families may consume an excess of salt in their diets, but most of the families seem to take permissible amount of salt. Because the amount of salt is divided by the number of family members, with equal weight given to everyone from old people to children, some individual salt intakes are likely to be underestimated, particularly for older people, who usually consume more salt (Rasheed et al. 2016 ). Snacks were not considered, so the numbers shown here should be regarded as the minimum level of salt intake in the daily diet. Among the 569 family members, the person who consumed the largest average amount of salt took 6.22 g for breakfast, 4.00 g for lunch, 4.78 g for dinner, and totally 15.0 g in a day. Table 4 shows the relationships between depth of tube wells, salt intake by cooking salt per person, and monthly household income divided by the number of family members. All the correlations between the variables were found to be statistically significant although the correlation rates were not high. The positive correlation between salt intake by diet per person and monthly income per person could be because wealthier households can afford larger meals and, thus, tend to use more salt than poorer families. Because deeper tube wells are costlier, it is reasonable that depth of tube wells was also found to be positively correlated with monthly income per person. These two associations may explain why the depths of tube wells were positively correlated with salt intake per person. Figure 9 shows the spatial distribution of salt intake. It tends to be similar in a given neighborhood. This would be because the wealth level of people living in the same area tends to be similar.
Discussion
One-third of the monitored tube wells contained more sodium than the tolerable level for people in terms of taste. However, the mean salinity level across all monitored tube wells was much lower than this during the monitoring period even though this was the most salt-intensive season (dry season). Maybe because of the low level of mean salinity, only 7 households used other households' tube wells for drinking water and all other households continued to use their own tube wells. The salinity level seemed to vary depending on the depth of tube wells, and those deeper than 200 m were likely to be salinity free (see Fig. 6 ). Even if households felt their water was too salty during a certain period in a year, they were able to use other households' tube wells for a while and manage during the most salt-intensive time. However, analysis of the spatial pattern of the depth of tube wells showed a similarity among tube well depths within neighborhoods, so some communities may suffer more broadly from saline water and need to get water from a long distance away. These could be poor communities since wealthier people tend to have deeper tube wells that are more likely to be free from salinity and economic status of households seemed to have regional similarity.
The results of the diet survey showed that the average amount of salt consumed in the surveyed households was less than what was reported in previous studies (de Brito-Ashurst et al. 2009; Powles et al. 2013) . As the level of salinity in the drinking water also was not high, the overall situation in the study area did not seem to be that serious. Furthermore, the statistical analysis between the amount of salt consumed at the household level and other variables showed that wealthier households tended to use more salt in their daily diets, but at the same time they tended to have deeper tube wells, which are less likely to contain high levels of salinity. Therefore, even in the worst case of the highest level of salt intake by diet, the influence of increasingly saline drinking water in the study area due to climate change seems limited at present. Rasheed et al. (2014) discussed that residential locations in the CHDSS site (coastal, plain, hilly) could be one of the determinants that had an influence on sodium level in urine of examinees. Since the names of their studied three unions were not reported and most of the monitored tube wells in this study were located in the coastal area and plains, the results cannot be directly compared but the analyses suggested that depths of tube wells could be a more deterministic factor that influences salinity level of drinking water. The GIS mapping clearly showed the similarity of the depths of tube wells within neighborhoods and this could have contributed to making the locational variables influential on the level of sodium in urine. Socioeconomic status of households also showed similarity within neighborhoods and this may partly influence the similarity of depths because deep tube wells are affordable only for well-off families. Therefore, even for those who live close to the coasts, the situation around the study site will not be so serious in the near future, if households can afford deep tube wells.
A limitation of the study, given that low-cost measuring devices were used for data collection and local people were employed as data collectors, is that the collected data are less accurate than those derived from standard environmental research. Another limitation of the data is that the depths of the tube wells were self-reported by the owners. Although the results are preliminary due to these limitations, the approximate picture of the potential problem can contribute to understanding the situation, and can be useful in going forward to tackle any emerging problem.
The numerical results and discussion would only apply to the studied southeastern coastal area of Bangladesh. The central and western coastal areas of Bangladesh are likely to have different conditions of drinking water salinity levels and salt consumption. The quantitative findings of previous studies conducted in the southwest of Bangladesh showed that the sodium levels of drinking water collected from sample ponds and tube wells ranged from 374.3 to 817.0 mg/L, levels that are much higher than the results for the study area presented here (Khan et al. 2014; Talukder et al. 2017 ). However, as it was shown in this study, the salinity level changes and enormous effort in monitoring work is required to fully describe the true situation and people's actual exposure profiles. Even if people could only get water with sodium levels as high as 374.3-817.0 mg/L-equivalent to salt intakes of 1.90-4.15 g/day, assuming an intake of 2 L of water per daythe current level of salinity in drinking water in the coastal zones of Bangladesh would still be acceptable to the human body considering people in the central Asian countries Fig. 9 Spatial distribution of salt intake in the study area in Chakaria Upazila, Bangladesh, 12 February-13 May 2016 consume 14.01 g of salt per day (Powles et al. 2013) , while the average salt intake by diet in Bangladesh is 9-10 g/day. But it will take time for the human body to adapt to this kind of change, and it is uncertain how sudden the environmental change is. Vulnerable people-such as pregnant women, old people, and salt-sensitive persons-may be less able to adapt to environmental changes and may be more likely to experience negative health effects due to temporary, but sudden excessive salt intake. To reveal more accurate effects of increasing salinity level of dirking water on health and reduce the number of future patients, detailed exposure profiles and thus continuous and household-level environmental monitoring are indispensable.
So far, people do not seem to have much difficulty in the study area, but the results of this study do not guarantee there will not be large and sudden negative effects in the future due to climate change. If salinity levels increased in the future, individuals or communities would need to take countermeasures to prevent excessive intake of saline water, such as by sharing and changing individual water sources when they perceive the taste is too salty, or by installing community water facilities (deep tube wells, pond sand filters) by villagers, rather than to wait for the provision of safe water by the government or external aid agencies. Unlike arsenic, salinity could be managed to a large extent because people can feel the change of the salinity level in drinking water by taste. If people are more aware of the risks of increased salt intake, they can take further initiative to reduce the amount of salt in their daily diet.
For efficiency of data collection and raising the awareness of local communities, participatory monitoring was implemented. This approach utilized less-accurate, but lower-cost measuring devices, such as the salt content measurement device and GPS camera, to assess the approximate scope of the problem. If we could involve more local people, more data could be accumulated and the picture inferred would come closer to reality. Another advantage of this participatory monitoring approach is that the people engaged in the process (the participating women) and their neighbors became more aware of the problem and, as a result, came to pay more attention to the problem. The monitors reported that the other villagers were generally interested in the monitoring work and asked the monitors about the results. Furthermore, six of the 10 monitors indicated that they changed their behavior related to salt intake (for example, changing the water source after observing the monitoring results). Thus, the monitoring work not only raised their awareness about elevated salinity levels, but also appeared to empower these local women and provide them with opportunities to act as community leaders and to speak with other villagers about the salinity problem.
Conclusion
This study showed an approximate picture of the salinity situation in a coastal area of southeastern Bangladesh and the relationship between salt intake by diet and by drinking water. The results showed that the average salinity levels of the tube wells during the monitoring period in the study area were not as high as previously believed or reported in other studies. Salt in diet consumed daily was also not significantly high. The influence of increasingly saline drinking water due to climate change on the studied households seems limited at present. However, the environmental data and health data are still insufficient both quantitatively and qualitatively. Further investigations are required here and in other coastal areas in Bangladesh.
Academically and technically sounder research is important to understand the complete picture of the problem, but requires time and money, the limited availability of which may hinder rapid progress. Furthermore, assessing a more complete picture is difficult due to the numerous uncertainties with respect to underground flows, the technical conditions of tube wells, and climate change. Given these problems, individuals and communities have to become more aware and prepare themselves. The study demonstrated the possible contribution of participatory monitoring and how local people can be empowered to tackle this kind of problem themselves.
